ABSTRACT: Between 2005 and 2008, size-frequency distributions from 22 populations of the intertidal snail Chlorostoma (Tegula) funebralis were studied to determine the effects of latitudinal region and coastal topography. Upwelling, which may affect larval recruitment, varies along a latitudinal gradient, while coastal topography may mitigate the effects of latitude. Sites were categorized by latitude: Northern (Oregon, 15 sites), and Southern (California, 5 sites; Baja California, 2 sites); and by coastal topography: protected (bays and coves, 7 sites in north, 3 in south), or exposed to the open ocean (7 sites in north, 5 sites in south). In Oregon, population structures at protected and exposed sites were significantly different (p = 0.001). At protected sites, a large percentage of individuals were pre-reproductive juveniles. At exposed sites, the population was weighted towards large individuals capable of high reproductive output with few juveniles present in the population. This pattern may reflect inter-annual variation in recruitment in Oregon, with protected areas experiencing more constant recruitment. In California and Baja California all populations were predominately composed of juveniles, regardless of coastal topography (p = 0.336). Differences in age-structure of the population create significant differences in relative reproductive potential. The potential reproductive output of a population was calculated by quantifying the eggs produced by snails covering the size range of reproductive individuals. Populations in the north at exposed sites produce eggs at a rate up to 2 orders of magnitude higher than populations in the south (p = 0.004). These variations in size-structure of C. funebralis populations with coastal topography and latitude may have important impacts for the population distribution.
INTRODUCTION
The size-frequency distributions and age structures of many marine invertebrates vary between populations (Ebert & Russell 1988 , McQuaid & Phillips 2006 . At times, these attributes vary along a latitudinal gradient (Frank 1975 , Ebert 1983 , Menge et al. 2004 ). These differences may be the result of larval supply and recruitment, since years of poor recruitment will result in gaps in the size-frequency distribution as the population ages (Ebert & Russell 1988 , Roughgarden et al. 1988 , Menge et al. 2004 ). Differences in recruitment, in turn, may be driven by hydrodynamics and coastal topography. As larvae have limited swimming capacity, their movement may largely be determined by the movement of water masses, which can vary latitudinally as well as locally. Frank (1975) and Wright (1975) collected data on the size distribution of Chlorostoma (Tegula) funebralis along the west coast of North America. These distributions showed a latitudinal gradient in the number of adult individuals, with the largest number of adults in the northern populations and more juveniles in southern populations. However, populations for these studies were geographically disparate and coastal topography was not incorporated into the experimental design. To distinguish between latitudinal gradients that might be driven by changes in coastal hydrodynamics and the effects of coastal topography, more sampling of more populations over a larger latitudinal range and different coastal topographies is necessary.
The intertidal snail Chlorostoma (Tegula) funebralis is an ideal organism to study variation in sizefrequency distributions because it is common and often abundant in the rocky intertidal from Baja, California to British Columbia in both high and low energy environments (Morris et al. 1980) . The duration of the pelagic lecithotrophic larval stage is between 5 and 8 d (Moran 1997 , Guzmán del Próo et al. 2006 . Individuals live up to 30 yr in the northern portion of the range (Darby 1964 ) and 6 to 7 yr in the southern portion of the range (Frank 1975) . Growth rates have been calculated throughout the species range (Frank 1975 , Wright 1975 . C. funebralis grow throughout their lifespan, so it is possible, using size, to age individuals and use size-frequency distributions as an indication of age structure of populations (Frank 1975) . The differences in the number of adults in populations of C. funebralis along a latitudinal gradient (Frank 1975 , Wright 1975 present an opportunity to study the mechanisms of population structure.
Larval supply can drive patterns in recruitment and adult distributions (Ebert & Russell 1988 , Roughgarden et al. 1988 , Menge et al. 2004 ). Populations with low larval supply have been shown to have low population densities. This relationship between larval supply and population structure has been seen, for example, in urchins (Ebert & Russell 1988), mussels (McQuaid & Phillips 2006) and barnacles (Menge et al. 2004 ). The recruitment of many marine invertebrate larvae to adult populations is driven by hydrodynamics both large-scale and local. Species with a planktonic larval stage have a dispersal distance determined by hydrodynamics, larval duration, and larval swimming behavior, primarily vertical migration , Shanks 2009 ). Upwelling, which moves surface waters offshore, is hypothesized to move larvae away from benthic habitats where they must ultimately settle (Roughgarden et al. 1988 ). When upwelling is relaxed, surface waters move back towards the shore, carrying larvae back to the adult habitat. Larval capacity for vertical migration may be a confounding factor, enabling larvae to stay nearshore even during upwelling events (Poulin et al. 2002 , Shanks & Brink 2005 , Morgan et al. 2009a ,b, Shanks & Shearman 2009 ). Larvae may also have a preference for depths below the Ekman transport layer, which would minimize movement offshore during upwelling (Shanks & Brink 2005 , Morgan et al. 2009a ,b, Shanks & Shearman 2009 ).
On the west coast of North America, coastal upwelling varies on a latitudinal gradient. Summer winddriven upwelling is intermittent on the Oregon Coast south to Cape Blanco, and relatively constant from Cape Blanco to Point Conception (Roughgarden et al. 1988) . Roughgarden et al. (1988) hypothesized that the intermittent upwelling in central and northern Oregon should transport pelagic larvae to the rocky intertidal, reducing larval mortality and causing constant, annual larval supply. More constant upwelling in central and northern California should transport larvae offshore, resulting in delivery of larvae to the shore only under rare conditions (Menge et al. 2004) .
Coastal topography has also been shown to affect larval dispersal and settlement. As many types of larvae have limited swimming capability, local, smallerscale oceanographic features may play a role in retaining larvae or moving them offshore. Ebert & Russell (1988) and Morgan et al. (2000) found a correlation between coastal headlands and larval recruitment. Sites with low recruitment were near coastal headlands, where regular coastal upwelling jets are hypothesized to move larvae offshore. In South Africa, protected bays and exposed headlands have different population structures of mussels, possibly related to recruitment patterns. Higher recruitment in bays in comparison to nearby exposed populations may be due to larval retention within the bay and larval advection from exposed sites (von der Meden et al. 2008) . The flushing times of bays is correlated with retention of cyprid larvae (Gaines & Bertness 1992) . In one study, the presence of oceanographic fronts at the mouths of bays and coves was correlated with upwelling, and the fronts acted as a barrier to the shoreward movement of larvae into the bay (McCulloch & Shanks 2003) .
The distribution of adult marine invertebrates is the cumulative effect of recruitment success, juvenile mortality, and adult mortality. Each of these factors may vary between populations independently of each other. Previous studies have shown that large Chlorostoma funebralis are absent in the southern portion of the species range when compared to the northern portion of the species range (Frank 1975 , Wright 1975 . This absence may be a reflection of a latitudinal gradient in adult mortality, but not enough populations have been studied to determine the potential effects of other factors. The presence of large adults in the population may have a significant impact on the reproductive capacity of the population (McQuaid & Phillips 2006) and so is important to understand.
Previous studies of Chlorostoma funebralis did not sample enough sites within each oceanographic region to separate the confounding effects of upwelling and coastal topography on population structure. Frank (1975) sampled 6 sites in the northern portion of the range and 5 in the south. In the present study, 22 sites covering a wide latitudinal range and 2 types of coastal topographies were sampled for the size-frequency distributions of populations of C. funebralis to separate the im-pact of upwelling and coastal topography. If upwelling, through its impact on larval dispersal, is driving patterns of population structure, differences in population structure should be observed in regions with different upwelling strength and duration, as shown by differences in latitudinal regions. If population structure is caused by coastal topography affecting larval dispersal, differences within regions with similar upwelling regimes should vary with the type of coastline. While hypotheses for the mechanisms driving population structure abound, without detailed descriptions of these patterns, appropriate mechanisms cannot be tested.
MATERIALS AND METHODS
Site classification. To investigate if population structure changes with coastal topography, populations were sampled at 'protected' and 'exposed' sites. Sites identified as protected included bays and coves predominately enclosed on at least 3 sides. Exposed sites were exposed to the open ocean on 2 or more sides. The wave energy of sites may differ within exposure classifications due to changing hydrographic conditions along the coast of North America, so classification is an indication of the shape of the local coastline and not an indication of local wave energy. In Oregon, 15 sites were sampled (8 protected, 7 exposed), all considered part of the northern portion of this study. Five of these sites (Lighthouse Beach, Sunset Bay, Ezzy Cove, Middle Cove, South Cove) are found near Cape Arago, Oregon. In the southern portion of the study, 4 sites were sampled in northern California (3 exposed, 1 protected), 1 in southern California (exposed), and 2 in Baja (1 protected, 1 exposed, Fig. 1) . Sampling populations. Because Chlorostoma funebralis settle into the ), a wide transect was used (up to 1 m) to ensure that an adequate number of individuals were sampled on each transect. In areas with high densities, narrower transects (0.25 or 0.5 m) were used. A minimum of 3 transects and 500 individuals were sampled at each site when possible. Transects were a minimum of 50 m apart to ensure independent sampling. If after sampling 3 transects, fewer than 500 individuals were sampled, additional transects were sampled. Indian Beach and Port Orford were too small to use more than 3 transect lines, so fewer than 500 individuals were collected from these 2 sites. The smallest juveniles (ca. <1 g) were collected by hand-sorting coarse sediment taken from under boulders in the high intertidal. Larger juveniles and adults were collected from under and on boulders, in tide pools, and under algae.
All individuals within the belt transect were collected and allowed to air dry. Initially, individuals were weighed and shell diameters were measured at the widest point across the umbilical region from the shell lip to the opposite body whorl (Frank 1975) . After weighing and measuring the width of 700 individuals, a power relationship was obtained between snail mass and shell diameter (Fig. 2) . These data were logtransformed and the regression was found to be significant (p < 0.0001, R 2 = 0.916). After these initial measurements, weight alone was used to measure the size of individuals as this was the more efficient method of quantifying size. The age of individuals was calculated using growth rates and size-age correlation models along a latitudinal gradient published by Frank (1975) .
To test for differences in population structure between sites of differing coastal topography, the percentage of juveniles in each population was calculated after minimum size at reproduction was established from reproductive output data (see 'Reproductive output' below). To test for population differences on a latitudinal gradient and interaction with coastal topography, populations were tested using a 2-way ANOVA with latitudinal region and coastal topography as factors and the percentage of juveniles as the dependent variable. Further analyses using 1-way ANOVAs were used to test differences within latitudinal regions.
To test for differences in size distributions between sites, the coefficient of variation (CV) was used (Ebert & Russell 1988) . CV was calculated and arcsinetransformed for each population. Differences between latitudinal region and coastal topography as factors and CV as the dependent variable were tested using 1-way and 2-way ANOVAs.
To test for differences in latitudinal gradient in the largest size classes, the percentage of the population that was 10 yr of age or older (9 g) was calculated using growth rates published by Frank (1975) . The percentage of these old individuals in each population was tested using the same statistical methods as the percentage of juveniles.
Reproductive output. To quantify the potential reproductive consequences of differing size-frequency distributions, the number of eggs per female Chlorostoma funebralis was calculated for individuals sized between sexual maturity and the largest individuals collected. Individuals between 2 and 15 g were collected from South Cove and Boiler Bay (northern region), Crescent City, Patrick's Point, Shelter Cove, and Laguna Point (southern region). These sites represent a combination of exposed and protected sites (Fig. 1) . Throughout the species range, females smaller than ca. 2.0 g (ca. 14 mm in diameter) had gonad tissue with very few eggs (E. E. Cooper pers. obs.) and were judged sexually immature. Spawning is expected to take place in late summer or early fall (Belcik 1965 , Paine 1971 , Moran 1997 , so collections were made in late July or early August, the period estimated to be prior to spawning but close enough to have reproductive individuals.
After weight and shell diameter was established, the female gonad was removed, weighed, and displacement volume measured. Ovaries were diluted and suspended in seawater. Four 20 µl aliquots were sampled from each female and the number of eggs in each aliquot quantified. The aliquot was placed on a slide and gently pressed with a cover slip. A digital camera was used to photograph the sample under 4× magnification. ImageJ (Rasband 1997 (Rasband -2008 was used to superimpose a grid over the image to increase the accuracy of enumeration of eggs in the sample. All of the eggs in the entire 20 µl aliquot were counted. With few exceptions, replicate aliquots from females were not significantly different from each other and so were averaged. Total egg production was calculated based on egg concentration in 20 µl aliquots times the total ovary mass suspended in seawater. A linear regression was used to test the association of number of eggs in the gonad and the size of the individual. Sexually immature individuals (< 2 g) were excluded from this analysis.
RESULTS

Size-frequency distributions
Size-frequency distributions were collected from 22 sites along the west coast of North America (Fig. 3) . The number of individuals measured from a population ranged from 79 to 4564 and were collected from between 3 and 5 independent transect lines. Sites were grouped by coastal topography (protected or exposed) and latitudinal range (north or south of Brookings, Oregon, see 'Materials and methods'). Two size-frequency distributions (those weighted towards juveniles and those lacking large numbers of juveniles) were apparent in populations north of Brookings. Populations also varied in the presence or absence of large individuals (> 5 g). In populations south of Brookings, all were weighted towards the juvenile size classes (< 2 g) and most populations had few individuals larger than 5 g.
Proportion of juveniles
When a 2-way ANOVA was used with coastal topography and latitudinal region as factors, the differences based on coastal topography were not significant (F s = 1.190, df = 1, p = 0.290). The difference between north and south was significant (F s = 10.573, df = 1 p = 0.004) as was the interaction (F s = 5.977, df = 1, p = 0.025).
The results of the 2-way ANOVA potentially mask differences within latitudinal region. A 1-way ANOVA testing coastal topography on populations limited to the northern portion of the range (Brookings, Oregon, to Indian Beach, Oregon) showed a significant effect of coastal topography on population structure (F s = 9.183, df = 1, p = 0.021). Protected populations were heavily weighted towards juveniles, with populations averaging 59% juveniles. Exposed populations had few individuals in the juvenile size classes, averaging just 14% of individuals. In the northern portion of the range, the only protected site that was not skewed towards juveniles was Nellie's Cove, near Port Orford, Oregon. This site had no juveniles, but a large percentage of older individuals. When this site was removed from the 1-way ANOVA, the difference in the relative abundance of juveniles between protected and exposed sites increased (F s = 25.267, df = 1, p = 0.001).
In the southern portion of the range, Brookings, Oregon, to Baja California, there was no significant difference in the proportion of the population that were juveniles between protected and exposed sites using a 1-way ANOVA (F s = 0.958, df = 1, p = 0.360). All sites comprised mainly juveniles with very few sexual mature individuals. Protected populations had an average of 69% juveniles, compared to exposed populations with 87% juveniles. When Nellie's Cove was removed from the 2-way ANOVA, the significance in coastal topography increased, but was still not statistically significant (F s = 3.935, df = 1, p = 0.064); however, the strength of the interaction effect increased (F s = 13.715, df = 1, p = 0.002).
Coefficient of variation
The CV is a measure of the dispersion of the sizefrequency distribution (Table 1) . When the CVs of populations were analyzed with a 2-way ANOVA, the results were similar to those of the percentage of the population in the juvenile size range. The difference between north and south was significant (F s = 5.005, df = 1, p = 0.038), the difference between protected and exposed sites was not significant (F s = 3.407, df = 1, p = 0.081), and the interaction between latitudinal range and coastal topography was significant (F s = 4.788, df = 1, p = 0.042).
When analyses are separated by latitudinal region and the effects of coastal topography are tested using 1-way ANOVAs, the results are again similar to those of the percentage of juveniles in populations. In the northern portion of the range, the difference in CV between exposed and protected sites was significant (F s = 11.273, df = 1, p = 0.006). Exposed sites, which had a range of sizes of large individuals, had large CVs in comparison to protected sites, which had primarily small individuals (Table 1 ). In the southern portion of the range, CVs were not significantly different between protected and exposed sites (F s = 0.044, df = 1, p = 0.841).
As with the percentage of the population in the juvenile size range, the significance of the CV changes with the exclusion of Nellie's Cove. When Nellie's Cove was removed from the 2-way ANOVA, the latitudinal difference was no longer significant (F s = 4.182, df = 1, p = 0.057), coastal topography became signifi- 
Proportion of large adults
The distribution of individuals 10 yr of age (> 9 g) and older had the same pattern as percentage of juveniles and CV in the 2-way ANOVA. There was no significant difference in the percentage of older individuals between exposed and protected sites (F s = 0.092, df = 1, p = 0.765), but there was a significant difference between north and south (F s = 9.307, df = 1, p = 0.007), with a non-significant interaction factor (F s = 1.627, df = 1, p = 0.218). However, there was no difference between protected and exposed sites in the northern portion of the study, tested with a 1-way ANOVA (F s = 1.141, df = 1, p = 0.308). When northern and southern sites were compared with a 1-way ANOVA without coastal topography as a factor, there were significantly more large individuals in the northern portion of the range (F s = 10.686, df = 1, p = 0.004).
Reproductive output
Females with a mass ≤2 g, or about 14 mm in diameter, did not have fully developed gonads. In Chlorostoma funebralis females larger than 2 g, gonad mass increased linearly with increasing snail mass (p < 0.0001, R 2 = 0.832, Fig. 4 ). Snail mass and diameter are strongly correlated, so snail diameter also had a significant regression with gonad mass (p < 0.0001, R 2 = 0.730). The concentration of eggs within gonads did not vary significantly with size, so the number of eggs produced by a female (extrapolated from gonad mass) increases linearly with snail weight (p < 0.0001, R 2 = 0.337, Fig. 5 ).
To quantify potential egg production for populations, the number of eggs produced by each size class was calculated. The relative abundance of each size class in Number (×10 4 ) of eggs produced Snail weight (g) Fig. 5 . Chlorostoma funebralis. A significant linear regression was found between the total mass of a female and the total number of eggs produced (p < 0.0001, R 2 = 0.337) a population was calculated from the size-frequency distribution of the population and then standardized for 1000 individuals (Fig. 6 ). The sum of egg production for an average representation of 1000 individuals was used as the relative egg production for each population. Larger individuals have the potential to produce more eggs than smaller individuals. Populations with a higher percentage of large individuals should produce more eggs per 1000 individuals than populations skewed towards the smaller size classes. In a 2-way ANOVA, exposure was not significant (F s = 0.546, df = 1, p = 0.469) while latitudinal region (F s = 11.411, df = 1, p = 0.003) and the interaction between factors were significant (F s = 5.057, df = 1, p = 0.037).
Egg production was not significantly different between coastal topographies in the north (F s = 4.229, df = 1, p = 0.064) or in the south (F s = 2.293, df = 1, p = 0.174). However, when Nellie's Cove was excluded from this analysis, the difference between exposed and protected sites in the north becomes highly significant (F s = 12.983, df = 1, p = 0.005). In the northern portion of the study, exposed populations had high percentages of large individuals that contribute to the relative egg production of the population. Protected sites in the northern portion of the study are skewed towards the juvenile size classes but some populations, such as Boiler Bay and South Cove, also have a small percentage of larger individuals which will produce large numbers of eggs. The average egg production per 1000 individuals in the northern portion of the study was 2.75 × 10 7 .
In the 2-way ANOVA without Nellie's Cove, latitudinal region was significant (F s = 13.487, df = 1, p = 0.002) while coastal topography was not (F s = 2.505, df = 1, p = 0.132). The interaction in the 2-way ANOVA was more significant than when Nellie's Cove was included (F s = 12.089, df = 1, p = 0.003, from p = 0.037). This was because removing Nellie's Cove increased the overall difference between exposed and protected sites in the northern portion of the range.
When comparing northern and southern regions without using coastal topography as a factor, egg production was significantly higher in the northern populations (F s = 10.740, df = 1, p = 0.004). In the southern portion of the study, populations were heavily skewed towards pre-reproductive juveniles and small adults, which contribute little to the total egg production of the population. The average egg production per 1000 individuals in the southern portion of the study was 9.72 × 10 6 , an order of magnitude lower than that of populations in the north.
DISCUSSION
The structure of populations of Chlorostoma funebralis varies with both coastal topography and latitude. Coastal topography was a significant factor only in the northern portion of the present study. In the northern region, populations in protected areas show a much higher percentage of juveniles than exposed populations, which are skewed toward large adults. In the southern portion of the study, population structure did not vary with coastal topography, and all populations were primarily composed of juveniles.
These observed patterns are most likely due to the combination of several factors. One component of sizefrequency distributions, the presence or absence of juveniles, is due to factors affecting recruitment such as larval supply and post-settlement mortality. In contrast, the distribution of adults in populations is due to the sum of numerous factors. The number of adults in a population is a reflection of recruitment events in past years, as well as mortality due to predation and physical stress that has occurred during the intervening years.
An absence of juveniles in exposed populations may be caused by low and/or irregular larval supply, a failure of larvae to survive metamorphosis (settlement), or high mortality rates of newly metamorphosed juveniles. Protected sites may have had more juveniles because larval supply is high and populations experience high settlement with little inter-annual variation. Exposed sites may have low larval supply due to movement of larvae offshore, punctuated with occasional years of high settlement. This pattern of high interannual variation would result in populations where juveniles are rare except during certain years. This is one potential mechanism that would create the sizefrequency distributions described by this study.
Larval supply may drive patterns of recruitment. Several studies have shown relationships between protected bays and coves and larval retention (Archambault et al. 1998 , Archambault & Bourget 1999 , McQuaid & Phillips 2006 . The hydrography of protected areas may retain larvae for long enough periods that larvae are unable to disperse outside of the protected area on a large scale. Many studies of larval dispersal and retention have focused on species with larval periods of weeks, such as mussels and barnacles (Menge et al. 2004 , Shanks & Brink 2005 , McQuaid & Phillips 2006 . The shorter larval period of Chlorostoma funebralis (5 to 8 d) should amplify the effects of retention since there will be less time and opportunity for hydrographic conditions to change and for larvae to move offshore. Topographically generated fronts at the mouth of protected bays and coves can last for days , long enough to retain C. funebralis for the entirety of its larval period. Larval retention would increase larval supply, and the resulting recruitment rate should be higher and have lower inter-annual variation. Studies with mussels show a positive correlation between high recruitment and gamete production within a protected population (McQuaid & Phillips 2006) . This pattern may be due to larval retention that causes high reproductive effort to result in high larval supply in the same region. This previously described pattern is unlikely to be mechanistically similar to patterns observed in Chlorostoma funebralis. In the present study, the highest reproductive effort was observed in exposed, northern populations with the fewest juveniles. If reproductive effort was directly tied to larval supply and recruitment as described by McQuaid & Phillips (2006) , exposed populations with the largest individuals would also have large numbers of juveniles.
If the large numbers of juveniles in protected habitats north of Brookings, Oregon, were due to larval retention within bays and coves, the lack of juveniles in most exposed populations may be due to larval movement offshore. Populations at exposed sites have few individuals in the juvenile size classes, indicating poor recruitment in the previous years. Several exposed sites, such as Indian Beach and Devil's Punchbowl, have multiple peaks in the size-frequency distribution (Fig. 3) . If these peaks reflect years of high recruitment separated by gaps of poor recruitment, these populations have high inter-annual variation in recruitment. Exposed sites experience more wave energy, which may wash larvae away from the parental site, and larvae are only moved onshore at these sites during years when hydrographic conditions move larvae onshore during the spawning period. Some species in the genus Tegula spawn during major wave events in Japan (Sasaki & Shepherd 1995) and return to shore, potentially by remaining within local wave-generated circulation cells. If Chlorostoma funebralis larvae have similar methods for remaining close to shore, larval supply may remain high annually, and inter-annual variation in recruitment may be due to inter-annual variation in post-settlement mortality.
The population in Nellie's Cove was different from all other protected sites in the north. Other protected populations in the northern portion of this study had a large portion of the population in the juvenile size classes, and few large adults. Nellie's Cove, in contrast, had a protected population with no juveniles and a high percentage of large adults. Nellie's Cove is a south-facing cove on the south face of Port Orford Headlands. This site is protected during the summer, when wave energy is primarily from the north , but is exposed to storm waves from the south in the fall and winter; it is the only protected site in this study that is exposed to storms from the south in the fall. Chlorostoma funebralis larvae are expected to be in the water column between August and October in northern populations (Belcik 1965 , Paine 1971 , Moran 1997 ; hence, the period of storm waves may overlap with the spawning window, preventing larval retention in an otherwise protected site.
Differences in recruitment between protected and exposed populations may also be due to post-settlement mortality. The small size of recently metamorphosed individuals and the chance of post-settlement mortality make the youngest juveniles difficult to enumerate. Chlorostoma funebralis size at metamorphosis is between 240 and 260 µm (Moran 1997 , Guzmán del Próo et al. 2006 ) and the smallest individuals collected in this study were approximately 500 µm. Using juvenile growth rates observed in the laboratory, the smallest juveniles collected in this study may be between 2 and 6 mo old (Moran 1997 , Guzmán del Próo et al. 2006 . The smallest individuals sampled had settled months before they were counted; hence, we cannot differentiate between the effects of larval supply and variation in mortality in the first few months after metamorphosis on the population structure.
Variation in post-settlement mortality may be caused by differences in juvenile habitat between protected and exposed sites that exist only within the northern portion of the population. These differences may include wave energy, which may cause differences in temperature, oxygen levels, sedimentation, food availability and sediment movement. However, juveniles are found in the high intertidal, exclusively in coarse sediment under boulders and very protected cracks on rocks (authors' pers. obs.). There is no immediately obvious biotic or abiotic factor within this micro-habitat that would differ systematically between protected and exposed populations.
South of Brookings, Oregon, all populations sampled showed similar size-frequency distributions; the distributions were heavily skewed towards juvenile Chlorostoma funebralis. No difference is apparent between northern and southern California and Baja California. This pattern was also observed by Frank (1975) , who proposed that in the southern portion of the species range, individuals have shorter life spans, faster growth rates, and reproduce throughout the year rather than at an annual spawning event as in the north. In southern California, a conjoining species, C. (Tegula) eiseni, spawns and recruits throughout the year (Wolf 1991) . In Oregon and Washington, C. funebralis spawns in late summer or fall (Belcik 1965 , Paine 1971 , Moran 1997 ; spawning of C. funebralis has not been studied in California and the species may show variation in reproductive strategy in different latitudinal regions. If, like C. eiseni, C. funebralis in California reproduce throughout the year, they may be using a reproductive strategy which allows for more opportunities to spawn during hydrographic conditions which allow larvae to remain close to shore, regardless of local coastal topography.
Reproduction independent of seasonality may be necessary for Chlorostoma funebralis in the southern portions of its range. By reducing inter-annual variation in recruitment success, C. funebralis populations in the south may be sustained despite the shorter life span of individuals indicated by growth rate data (Frank 1975 ) and the size-frequency distributions from populations sampled in California. Individuals in central and southern California rarely live past 7 yr (Frank 1975) , so inter-annual variation in recruitment must be dampened in comparison to populations in Oregon, where individuals may live up to 30 yr (Frank 1975) and so have many more years to attempt reproductive success. Further studies of the reproductive and recruitment seasonality on a latitudinal gradient are necessary to determine if C. funebralis are reproducing year-round in the southern portion of the species range and annually in the northern portion of the range.
Differences in population structure may also be due to differences in predation rates. Juvenile Chlorostoma funebralis are found in the high intertidal (Paine 1971 , Frank 1975 , Moran 1997 , generally above the tidal height of the adult predators, so it is unlikely that these predators have an effect on the number of juveniles in a population. The main predators through the species range of C. funebralis are the seastar Pisaster ochraceus and crabs of the genus Cancer. In southern California, intertidal octopus Octopus bimaculoides and O. bimaculatus are also important predators (Fawcett 1984) . P. ochraceus and Cancer spp. abundances do not vary on a latitudinal gradient (Fawcett 1984) , but the added predation pressure of Octopus spp. in southern California and Baja California may cause the absence of larger C. funebralis in those populations. Predation pressure of P. ochraceus and Cancer spp. may vary along the Oregon coast, which could explain why some populations, such as Devil's Punchbowl and Cape Blanco, have many large individuals, while other populations, such as Sunset Bay have very few large individuals. No studies have identified potential predators on the juvenile stages of C. funebralis, which will be necessary to fully understand the effects of predation on population structure.
Although 2 latitudinal regions are clear from the data collected in this study, they do not conform to the predictions of population structure on a latitudinal gradient predicted by upwelling regions. The intermittent upwelling during summers north of Cape Blanco has been hypothesized to move larvae offshore during upwelling and transport them back toward shore during relaxation of upwelling (Roughgarden et al. 1988 , Menge et al. 2004 . It has been hypothesized that constant upwelling south of Cape Blanco offers few opportunities for larvae to return to shore, leading to low recruitment with high inter-annual variation. In contrast, the data collected in this study show high recruitment success in California and southern Oregon, where upwelling is more persistent. North of Brookings, Oregon, where upwelling is more variable, population structure varies with coastal topography. Chlorostoma funebralis may not be as affected by upwelling patterns as other species with longer larval periods. Surviving larvae of C. funebralis may be retained close to shore and metamorphose before they are moved far offshore. If the larvae are transported offshore by any mechanism, the larval period will not last long enough to allow a return to shore.
Population structure of Chlorostoma funebralis varies both with coastal topography and latitude. Numerous factors such as local hydrodynamics, post-settlement mortality, and predation may all contribute to the observed patterns. Local, small-scale processes may be important in determining larval settlement and population dynamics, but this spatial scale is often ignored in favor of large-scale observations on a latitudinal gradient. Without further studies that use both meso-and large-scale observations, we will not be able to understand the relative importance of these factors.
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